Epidural bupivacaine and morphine were administered to fifty patients who had suffered traumatic injuries to the chest. Forty-three of these patients made satisfactory recoveries without requiring any ventilatory support. Six patients were ventilated, one because of cardiovascular complications of myocardial infarction, two because of inadequate analgesia, and three because of respiratory failure. Three patients died. Serious side-effects were not common. One patient developed respiratory depression which required withdrawal of morphine, and one patient developed an epidural space infection.
trauma between March 1979 and February 1982. Patients with a history of head injury and continuing depression of consciousness made up the only group which was specifically excluded, all other patients being individually assessed in the context of their injuries and general medical status. Ages ranged from 16-80 years with a mean of 44 (SD 18) years. Forty-six patients had rib fractures, three patients had fractured sternums, and one patient had suffered a shotgun wound to the chest with extensive soft-tissue damage. The distribution of rib fractures is shown in Table 1 . Thirteen patients (26%) had flail segments. The patients with two fractures or fewer were treated because of pre-existing respiratory handicap. Other problems are listed in Table 2 . The patients were assessed for treatment on the basis of the subjective degree of their pain and their ability to breathe, cough, and co-operate with physiotherapy.
All patients were carefully reviewed prior to the insertion of the epidural. Cardiovascular resuscitation and stability were fully assessed, and ECG examinations and CKMB estimations were performed if cardiac contusion was suspected. Trauma or the suspicion of trauma to the abdomen was carefully assessed, and any evidence of a bleeding tendency was evaluated with a coagulation profile. Pneumo-and haemothorax were drained and any surgery required was performed prior to the insertion of the epidural. Full recovery from anaesthesia was required before an epidural was inserted.
The epidural injection was made at the spinal level which lay approximately midway between the extremes of the dermatomal distribution of the chest injuries. A paramedian approach was used, the space being found with a 'loss of resistance' method using a saline-filled syringe. A Portex nylon catheter was passed and a Portex 2 micron filter attached. After a test dose, the initial dose of bupivacaine was given, the volume being determined by reference to the extent of the injury, to the general condition and especially the age of the patient. The extent of analgesia was then assessed by pinprick, and the subsequent volumes of bupivacaine, which ranged from 3 to 10 ml, were adjusted according to the spread of analgesia obtained by the initial injection. Morphine sulphate 3 mg was dissolved in a volume of normal saline equal to the volume of bupivacaine which had produced the desired spread of analgesia. Top-up doses of bupivacaine were given mandatorily thirty minutes prior to physiotherapy, which was carried out at least three times daily, relief of pain at other times being provided by morphine given on demand at the discretion of the attending nurse. Topups were given in the supine position, the patient being kept supine while pulse and blood pressure were monitored at five-minute intervals for twenty minutes.
Injury
Adequacy of analgesia was determined partly on the patient's subjective report, but more weight was given to the physiotherapist's assessment of the patient's ability to co-operate with physiotherapy.
Supplementary oxygen was given through a Hudson mask at rates between four and eight litres per minute by conventional flow meter and tubing, and by wide bore tubing from a Bird blender at twenty litres per minute if the conventional methods failed to provide adequate oxygenation.
Arterial blood gas estimations and chest X-ray examinations were performed at least once daily, or more frequently if required. Respiratory rate was counted hourly.
RESULTS
Forty-three patients (860/0) were successfully treated using epidural analgesia alone. Adequate analgesia was achieved in 48 out of the 50 patients (96%), and in the group with six or more rib fractures we achieved adequate pain relief in 14 out of the 15 (93%), and 11 (73%) of these were successfully treated with this technique alone. Thirteen patients had flail segments, and 11 (85%) of these recovered using epidural analgesia alone. The mean duration of epidural use was 5.3 (SD 2.2) days, and the patient was usually discharged within 24 hours of cessation of epidural use.
A summary of the clinical details of those patients in whom the technique "failed" appears in Table 3 . Analgesia was inadequate in only two patients, numbers 6 and 7, and patient 7 was the only one in whom narcosis became a significant problem. Two patients, numbers 4 and 5, developed ARDS, as evidenced by deteriorating oxygenation, clinically deteriorating pulmonary compliance, and increasing radiological evidence of pulmonary oedema without evidence of fluid overload. All Anaesthesia and Intensive Care, Vol. 12 
four of these patients made satisfactory recoveries with assisted ventilation. Three patients died. Patient number 1 made good progress for two days, but suffered a myocardial infarction on the third day. We were unable to relate the infarction to a period of hypotension or other epidural complication, but his cardiovascular status made I PPY the more appropriate method of treatment. He made a satisfactory recovery from his chest injury but died of intractable cardiac problems five weeks after injury. Patient number 2 was severely injured when he was run over by a farm tractor and died as a result of renal as well as respiratory failure. Patient number 3 had severe chronic cardiac and respiratory disease, and his general condition was such that ventilatory treatment was withheld.
Blood gas results in the group treated with epidural alone are as follows: mean P a o 2 14.3 (SD 5.7) kPa, and mean PaC02 5.6 (SD 0.9) kPa. The mean respiratory rate was 20.4 (SD 5.5) breaths per minute.
We did not see many of the side-effects of epidural narcotics. We had no respiratory arrests and respiratory depression was significant enough to require cessation of treatment in only one patient.
Urinary retention was not seen because most patients had a urinary catheter placed during initial resuscitation and stabilisation, and this was usually retained for the majority of their stay. One patient had itch sufficiently severe to require withdrawal of the morphine treatment. Four patients developed induration at the epidural puncture site. The catheters were removed and the tips sent for culture, together with swabs of the puncture wound. These all grew staphylococci. One patient developed the symptoms and signs of meningitis, with headache, fever, and neck stiffness. CSF study revealed a high white cell count but no bacteria were grown. Epidural space infection was considered the most likely cause of his problems, and he was therefore treated with antibiotics and made a satisfactory recovery.
We did not attempt to measure the duration of the morphine analgesia because bupivacaine was always given prior to physiotherapy until the patient was obviously close to discharge from the ICU.
DISCUSSION
The main pathophysiological sequelae of rib fractures, especially with flail segments, are pain and the hypoxia,69 the latter resulting from the ventilation/perfusion mismatch in the underlying contused lung.
Systemic narcotic analgesia, repeated intercostal nerve blocks and epidural analgesia have all been used in the relief of this type of pain. 2 ,lo.lt However, systemic narcotic analgesia may produce unacceptable depression of consciousness and ventilation, and inability to co-operate with physiotherapy; intercostal nerve blocks have to be repeated frequently, I with the risk of pneumothorax. Our experience with continuous bupivacaine epidural analgesia showed that tachyphylaxis soon became a major problem, forcing us to abandon that technique within 24 to 48 hours.
The advent of the use of morphine epidurally,3 while not without problems of its own,12 has been shown to be effective by 10hnston and McCaughey l3 in six patients with fractured ribs. In our group the technique we have described of combining epidural morphine with bupivacaine was successful in 43 of the 50 patients with chest wall trauma.
Thirteen patients of the 46 with rib fractures had flail segments. The treatment of flail segments has evolved with the understanding of its pathophysiology. Until Averyl4 suggested 'internal pneumatic stabilisation' mechanical stabilisation was the customary approach. Trinkle l5 questioned the concept of internal pneumatic stabilisation, and demonstrated both that flail segments could be managed successfully without IPPV, and that the mortality and duration of hospitalisation are much reduced in the spontaneously breathing patient. Of the 13 patients in this study who had flail segments, one died of myocardial infarction, and one had to be ventilated because of inadequate analgesia but subsequently recovered well. The remaining 11 made good recoveries with this technique.
This technique also provided satisfactory analgesia for the three cases of fractured sternum and for the extensive soft tissue injury caused by close-range shotgun wound.
Respiratory function was assessed by bedside clinical evaluation, respiratory rate and pattern of ventilation, arterial blood/gas estimations and chest X-ray examinations. The mean values for the P a o 2 , Paco2 and respiratory rate show that adequate oxygenation could be maintained and that respiratory depression was not a major problem.
We conclude that this technique provides satisfactory pain relief for widely varying degrees of chest wall trauma, enables the advantages of spontaneous ventilation and coughing to be retained and exploited by active physiotherapy, and thereby avoids the use of IPPV with its associated disadvantages.
We could find no contraindication to the sequential use of morphine and bupivacaine in the epidural space, and the use of bupivacaine and morphine in sequence, by avoiding the continuous use of either, may account for the much reduced incidence of the side-effects of each.
